INTRODUCTION
It has long been known that when a man stands motionless, urine flow (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) and the excretion of chloride (2, 3, 5, 7, 11) and of sodium (5, 13) decrease markedly. Simultaneously, the plasma contracts in volume and increases in concentration (8, 10, (14) (15) (16) (17) , while the blood flow through the kidneys (9, 10, 18, 19) and other abdominal viscera (20) diminishes, and the rate of glomerular filtration of plasma and its contained sodium is reduced (6, 9, 10, 13, 18, 21) .
There is some evidence that release of the posterior pituitary antidiuretic hormone may be responsible for the retention of water (11) but the mechanism of the retention of sodium and the stimulus or stimuli initiating it remain obscure. Some renal physiologists would place greatest emphasis on the reduction in glomerular filtration rate which occurs during standing, and the resulting decreased load of sodium presented to the tubules (5, 22, 23) . It is not likely that an increase in the renal venous pressure (24, 25) plays an important role in the antidiuresis of quiet standing, because when a subject is tilted from the supine to the erect position, pressure in the inferior vena cava at the level of the kidneys does not rise to the level reported by Blake and associates (25) to cause a reduction in the urine flow, and the renal arterio-venous pressure gradient does not change materially (26) . 
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Fellow, Yale University School of Medicine. 5 During tenure as Fellow in the Medical Sciences, National Research Council. Present address: Evans Memorial, Boston. It has also been suggested that the reduction of total blood volume initiates a chain of events which culminates in decreased excretion of sodium (27) (28) (29) . This might be accomplished through changes in glomerular filtration and/or tubular reabsorption of sodium. Some workers believe that this mechanism may operate in such diverse situations as hemorrhage, hypoproteinemic edema and congestive heart failure, as well as in quiet standing (28, 30) .
The present studies were undertaken to investigate the relationship of changes in total plasma volume and glomerular filtration rate to the renal excretion of sodium during quiet standing.
METHODS
All subjects were healthy young men, presumably able to empty their bladders without catheterization. Relatively high urine flows and long periods minimized any errors in collection. A fairly constant rate of excretion of sodium was achieved by the ingestion of 200 ml. of hypotonic (0.2%) saline solution per hour for several hours (31) , and by preliminary rest supine in bed for at least one hour, before observations were begun. Subjects continued to drink saline at the same rate during the experimental period. In five experiments (Nos. 1, 10, 11, 13, 14) the glomerular filtration was estimated from the clearance of mannitol, using the single injection method with a falling plasma concentration (32) . Previous observations had demonstrated that one could maintain a constant diuresis of salt and water for several hours under these conditions (33) . In six cases (Nos. 4-6, 8, 9, 15) a constant infusion of mannitol was used, and in the remaining experiments a constant infusion of inulin. Renal plasma flow was calculated from the clearance of sodium para-aminohippurate administered as a constant infusion in normal saline. Mannitol in serum and urine was analyzed by the method of Smith (34) , modified according to Elkinton (35) . Inulin and para-aminohippurate were determined using methods described by Goldring and Chasis (36) . Concentrations of sodium in serum and urine were measured with a flame photometer. Acute changes in plasma volume (PV) were calculated those described by others ( Figure 1 ). Renal plasma flow, the filtration and excretion of water and sodium, and the tubular rejection of sodium (E/F Na) all decreased. These changes lasted for some time after resumption of the supine position. Plasma volume decreased by 4 to 13%o, but [as previously reported for serum chloride and bicarbonate (14) ] the concentration of serum sodium did not change significantly.
Quiet Standing with Albumin Infusion (Table II) :
To determine whether this sequence of events would be altered if the contraction of plasma volume were prevented, four subjects were given infusions of salt-poor human serum albumin6 when they stood up. In three experiments, 750 ml. of 6 Serum albumin used in this study was prepared by the American Red Cross from blood of volunteer donors. The conclusions are those of the authors and do not isosmotic albumin (4%o solution in normal saline) were infused, while in one case, 300 ml. of a 25%o solution were injected. The infusions were given over a period of 30 to 35 minutes. A typical result is shown in Figure 2 . Although in all cases total plasma volume increased slightly, in no instance was the antidiuresis of salt and water, which ordinarily accompanies quiet standing, prevented; and in every case a fall in the glomerular filtration of sodium and in E/F Na occurred. In experiment 7 (Figure 2 ), the excretion of sodium continued to decline during the last period despite an increase above control levels in both plasma volume and filtered sodium. Changes in renal plasma flow tended to parallel changes in the rate of glomerular filtration. (Tables the serum and expansion of the volume of the  III and IV) : plasma and extracellular fluid. In two experiIt is well known that the sodium diuresis follow-ments (Table III) , infusions of hypertonic saline ing infusions of hypertonic saline is accompanied (6%) given to recumbent subjects sharply augby an increase in the concentration of sodium in mented the excretion of sodium, with (No. 9) or The rise in concentration of serum sodium was significant in all cases, but in only one was it adequate actually to increase the rate at which sodium was filtered during the period of standing. Plasma volume, calculated in some of these experiments, usually increased. The excretion of sodium declined in four instances and increased in three. As might be expected, the excretion of sodium seemed roughly proportional to the size of the salt load.
Effects of Infusions of Hypertonic Saline
Subject ASR (No. 10, Table IV The infusion did not prevent the reduction in urine flow and sodium filtration and excretion during the periods of quiet standing, but it did provoke the tubules to reject a larger fraction of the filtered sodium. Rapid administration of 24 grams of salt markedly increased plasma volume and sodium and water excretion during quiet standing, in the absence of significant changes in sodium filtration.
URIE FLOW cm after a period of standing. This slightly increased the serum sodium and re-expanded the plasma volume to its control value. There was a further decline in the glomerular filtration of sodium of questionable significance. Despite this, sodium excretion decreased markedly, because the tubules reabsorbed a greater fraction of the filtered load of sodium presented to them. In an experiment in which 400 ml. of 4%o saline were given (No. 11, Table IV), essentially the same results were obtained.
In two experiments administration of 400 ml. of 6% saline did not prevent a decline in the glomerular filtration or in the excretion of sodium, but in AVG (No. 13, Table IV; Figure 4 ) it did cause the tubules to reject a slightly greater percentage of the filtered sodium. In two other subjects (Nos. 14 and 15, Table IV; Figure 5 ), one of whom (No. 14) had ingested 24 grams of salt during the previous 24 hours, the same amount of 6%o saline proved adequate completely to reverse the antidiuresis of quiet standing. Excretion of sodium actually rose considerably, together with an expansion of the plasma volume, and without any increase in the calculated rate of glomerular filtration of sodium.
Finally, in one case (No. 16), 400 ml. of 71/2% saline infused over 40 minutes not only increased the excretion of sodium during a period of quiet standing, but increased the glomerular filtration rate and renal plasma flow, as well as the plasma volume and the concentration of serum sodium.
DISCUSSION
These data confirm the earlier findings of others that a contraction of plasma volume, a decrease in renal clearances, and a diminished excretion of salt and water occur in the erect position. The fall in salt excretion during upright-tilting experiments, reported by Brun, Knudsen and Raaschou (9), was attributed by them to the fact that their subjects were in a state of pronounced negative chloride balance. This was not the case in the present studies, in which dilute saline was ingested for several hours preceding the test (31) .
Infusions of 4%o albumin do not influence the rate at which sodium is excreted by supine subjects (37, 38) , although there is conflicting evidence concerning the effect of more concentrated solutions (33, 37, (39) (40) (41) . It would appear, therefore, from the experiments of Table II that the antidiuresis of quiet standing is not necessarily dependent upon a contraction of the total plasma volume, since excretion of salt and water diminished during standing, even when plasma volume was slightly expanded by rapid infusions of al-bumin. However, it must be emphasized that such infusions control only the-total volume of the circulating blood and do not necessarily alter its distribution during quiet standing. Blood pooled in certain peripheral areas may not contribute to the effectiveness of the circulation, and in this sense the "effective blood volume" (42) may be reduced even when the total blood volume remains unchanged. Standing erect decreases both the total and effective volumes of the circulation by increasing the capillary filtration and the pooling of blood in the limbs. When these disturbances are minimized by immersing the body in water up to the level of the heart or by applying pneumatic occluding cuffs to the legs, the antidiuresis of the erect posture is modified (8, 12) . It would seem, therefore, that if the kidneys react to changes in some function of the volume of the circulating blood when a man stands erect, they must react more to changes in its effective distribution than in its total volume.
The view that the antidiuresis of quiet standing is mediated primarily through a change in renal hemodynamics was first advanced by Hooker, who invoked the narrowed pulse pressure in the renal artery as a cause for diminished urine flow (4, 43). White, Rosen, Fischer, and Wood (5) ascribed the increase in the excretion of water and electrolytes during recumbency mainly to an increase in glomerular filtration rate. On the other hand, Ni and Rehberg (6), using the clearance of exogenous creatinine as a measure of filtration rate, came to the conclusion that postural changes in urine flow resulted from changes in both tubular reabsorption and glomerular filtration. In the present experiments, reductions in the urinary excretion of sodium during quiet standing were usually accompanied by significant alterations in both the filtration rate and the tubular rejection fraction of sodium (E/F Na). However, when infusions of albumin and hypertonic saline were given to subjects standing erect, a fall in sodium excretion was not always accompanied by a fall in the glomerular filtration of sodium (No. 7), nor did a small decrease in the filtration of sodium always result in diminished excretion of sodium (Nos. 14,
15).
These experiments appear to shed light on the nature of the renal response to loads of hypertonic saline, as well as to the upright posture. It has been suggested that the urinary excretion of sodium is normally regulated through fluctuations in its glomerular filtration (22, 23, 44) . Selkurt and Post (45) reported that when dogs are infused with hypertonic saline, the excretion of sodium varies as the filtered load, and Dean and McCance (46) concluded that during hypertonic saline infusions in human subjects, "changes in glomerular filtration must underlie, and in part determine, the observed changes in urine flow." It is therefore noteworthy that in experiments 8, 14, and 15, when 6%o saline was infused, the excretion of sodium increased without a concomitant increase in filtered load (but not without an increase in plasma volume).
The use of mannitol in these experiments may be questioned on the grounds that since excreted mannitol may sweep salt into the urine (22, 44, 47, 48) sodium excretion might necessarily appear to be related to the excretion, and hence the filtration of mannitol. This consideration enhances the significance of such discordant changes in the filtration and excretion of sodium as were observed in experiments 8, 14, and 15. Nevertheless, even under the strenuous conditions of these experiments it was difficult to change greatly the excretion of sodium in a direction opposite to simultaneous changes in sodium filtration. This does not necessarily prove that excretion is dependent upon filtration, since they may both be related through a third controlling factor.
Except in cases where the changes are very large, the errors inherent in present measurements of glomerular filtration prevent any accurate apportionment of responsibility to tubules or glomeruli for alterations in sodium excretion. Each milliliter of glomerular filtrate contains approximately 0.14 mEq. of sodium. An unavoidable 5%o error in the estimation of glomerular filtration may therefore involve as much as 1 mEq./min. of sodium.
The renal response to salt loads is conditioned in part by the rise in concentration of sodium in the extracellular fluid. When infusions of hypertonic saline are given to thirsted subjects, the rate of sodium excretion rises, but drops sharply when the serum sodium is suddenly restored to normal by the ingestion of a large quantity of water (49) . Some workers have concluded that when an infusion of hypertonic saline is given, "changes in sodium excretion are invoked by differences between extracellular and intracellular osmotic pressures" (50) . The present studies show that even when the concentration of sodium in the serum rises significantly, it is sometimes possible to prevent or reverse the usual renal response by standing upright. A similar effect from abdomninal compression has been reported recently (51) .
The present data are consistent with the pluralistic view that alterations in both the composition and the effective distribution of the circulating plasma are important in initiating acute renal adjustments in sodium excretion. These adjustments may be accomplished by appropriate changes in the glomerular filtration or the tubular reabsorption of sodium, or both. CONCLUSIONS 1. The antidiuretic reaction to standing does not require a contraction of the total plasma volume.
2. It is possible to reverse this reaction by administration of hypertonic saline without increasing the rate at which sodium is filtered; but in so doing, the plasma volume is expanded.
3. The renal response to sodium loads under these conditions is not dependent solely upon alterations in the glomerular filtration of sodium or in the concentration of sodium in the serum.
